Appreciation for the medical and research potential of ultrasound neuromodulation is growing rapidly, with potential applications in non-invasive treatment of neuro-degenerative disease and functional brain mapping spurring recent progress.
Introduction than the diameter of the 1st side lobe (measured using a fibre-optic hydrophone in 202 degassed water to be 15.2 mm in diameter to the 2nd nul point for the 0.67 MHz 203 transducer 5 mm before the focal point). The truncated end of these cones was sealed 204 with thin mylar film (12 µm), providing an acoustically transparent window into the 205 nerve bath. The wide top of the cones fitted each transducer tightly, preventing 206 leakage of water and lateral targeting errors. The presence of the cone, affixed to 207 each transducer was found to have no measurable effect on the dimensions or peak 208 positive pressure of the focal points, measured in a degassed water tank. 209 Thin mylar film was also used as an acoustic window in the nerve bath, separating 210 the water in the cone from the nerve bath, and the saline in the nerve bath from the 211 water bath underneath. The width of the acoustic window in the nerve bath was 10 212 mm. 213 Ultrasound targeting error was analysed by producing visible heating spots in 214 thermo-chromatic gels with each transducer (figure 3). The centre point of the colour 215 change and its lateral deviation from the centre line of the chamber were measured 216 three times for each transducer, dismantling and re-constructing the apparatus each 217 time. Deviation was found to be a maximum of 160 (σ = 67), 84 (σ = 11) and 89 µm 218 (σ = 40 µm) for 0.67, 1.1 and 2 MHz respectively. As the errors are much smaller 219 than the width of the nerve (1-2 mm), a portion of the nerve bundle will always be 220 exposed to the focal maximum. 221 
Ultrasound and Electrical Stimulation Protocols

222
Electrical stimulation of the nerve bundle was performed to provided a measure-223 ment of maximum CAP amplitude and conduction speed, monitoring the health of 224 the bundle and allowing the proportion of the bundle stimulated by US to be de-225 termined. Electrical and US stimulation were paired in these experiments so that 226 every US stimulus was preceded by an electrical stimulus, 3 seconds apart (a CAP 227 in this chilled and unmyelinated model lasts 100 ms). The timing between each 228 electrical and US stimulus pair was alternately varied between 30 and 90 seconds, 229 causing the whole pattern to repeat every 120 seconds with an average of 1 stimulus 230 pair per minute (figure 4a). Each nerve bundle was exposed to 22 of these stimulus Orders of intensities being tested on a single nerve were randomised to prevent sys-251 tematic error from nerve inhibition or other effects. The 1.1 and 2 MHz exposure 252 parameters shown in table 2 were calculated to match the radiation forces produced 253 by the 0.67 MHz exposures.
254
To test the effect of longer exposure durations on the nerve response dynamics at 255 0.67 MHz, a second set of stimulus experiments, with the same parameters as above, 256 were performed using 100 ms instead of 8 ms stimulus durations (1000 pulses).
257
To test the effect of different pulsing protocols on stimulation success without were used initially at 0.7 W/cm 2 , shown to be effective in Lee's study, and then 263 incrementally increased in the same steps seen in table 2 until a response threshold 264 was found. As with all exposure protocols, each stimulus intensity was repeated 22 265 times on a new nerve bundle.
266
KZK modelling determined that there was significant non-linear propagation of 267 ultrasound at the power levels used in the current study, increasing at higher ampli-268 tudes at all frequencies (Table 2) . This results in higher positive pressures compared 269 to the peak negative values. To facilitate easy comparison with other papers in the 270 literature, Spatial Peak Pulse Average Intensity (I SPPA ) will be used throughout the 271 rest of the paper but it should be noted that these are linear approximations and the 272 positive and negative pressure peaks will be the most accurate metrics, especially 273 at higher amplitudes. These peak pressures are displayed along side peak and pulse 274 average intensity values at all frequencies and driving powers ( Table 2) . bands was therefore used to detect inertial cavitation events.
308
In cases where multiple cavitation events are occurring simultaneously, as was 309 usually the case in this study, smaller amplitude events can be difficult to detect 310 and quantify using standard methods (Chen et al., 2003; Tu et al., 2006) . A multi-311 resolution signal processing method is used here which demonstrates a promising 312 performance for this application (Haqshenas and Saffari, 2015) . The technique uses 313 the wavelet transformation to decompose the signal into several components across 314 the following frequency ranges: f N 2 n+1 − f N 2 n , n = 0, . . . , M − 2, where f N is the Nyquist 315 frequency (6.25 MHz) and M is the levels of decomposition (5 levels).
316
After performing the discrete wavelet transformation, short Fourier transform former is calculated as follows (Leighton, 1994) :
where P ac is the peak pressure, Z is the characteristic acoustic impedance of 337 brain tissue (1.6 MRayls), F abs is the radiation force due to the absorption of acoustic 338 energy, α is the absorption coefficient of neural tissue in neppers per meter, calculated 339 with the equation:
where f is frequency, y is the frequency dependence exponent (an exponent of 1.3 341 and α 0 of 8.6 for brain tissue was used (Duck, 1990) ) and c is the speed of sound in 342 soft tissue (1562 m/s) (Roy, 1991) . These equations assume plane wave and linear 343 propagation.
Radiation forces due to the reflection at the saline-tissue interface were then calculated (Leighton, 1994) :
where R is the pressure reflection coefficient, Z 1 and Z 2 are the specific acoustic ment. Correlation was also tested for between the same variables, irrespective of US 368 frequency or individual nerve experiments, across each stimulation protocol.
369
The second method used to detect significant damage events was through iden- 
